Abstract.With the ever competitive global market swamped with more choices of high-tech gadgets from smartphones to head-mounted display eyewear like "Google Glass", Information and Communication Technology (ICT) is one of the key factors to engineering and technological advancement and the bridge to the future. In view of such significant importance, the government of Malaysia has been embarking on national policies to prioritise the education and the programmes on ICT to train and produce highly skilled ICT workers to achieve the nation's ambition to become a developed country. Despite the government efforts, studies have shown that Malaysia is still currently facing shortage of skilled ICT workers. In view of this shortage of skilled ICT worker problem, a systematic engineering problem solving theory known as TRIZ is applied to generate ideas and potential solutions to solve this problem in this research.
Introduction
From small and medium industries to multi-national corporations, ICT is critical to their viability of their daily operations and the sustainability of their business [1] . Such is the importance of ICT, in Malaysia, the sector is expected to exceed RM10 billion in 2013 [2] .
In view of the importance of ICT towards the technological and economic advancement of a nation [3] , Malaysia government has been investing heavily in creating the infrastructure to support the application of ICT as well as embarked on various national policies to train and produce highly skilled ICT workers [4] . Despite these national policies, the shortage of ICT skilled workers is still a prevailing problem in this country [5] [6] [7] . Hence, there is a need to find solutions to address this critical issue. Determining ways to solve such shortages is not easy and straight forward as the root causes of such problem may be attributed from a broad range of domains ranging from social, education to economy.
In this research work, a well-established systematic engineering problem solving theory known as TRIZ or Theory of Inventive Problem Solving was applied to simulate thoughts to generate ideas to solve the shortage of skilled ICT workers problem.
TRIZ
TRIZ was derived by Genrikh Altshuller after decades of study on patent information [8] . His study has led to the birth of a systematic engineering problem solving theory known as TRIZ. Large multi-national enterprises such as Samsung, Boeing and Intel [9, 10] have applied TRIZ tools to create successful new and sustainable global products. One of the TRIZ tools is the engineering contradiction matrix, which is consists of improving and worsening features. Users are supposed to determine the recommended inventive principles based the contradicting features [11] to solve their problem. Table 1 shows the list of improving and worsening features as well as the TRIZ inventive principles. The steps to solve a problem using TRIZ are shown in Fig. 1 . 
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Applying TRIZ to Solve the Shortage of Skilled ICT Workers Problem in a Structured Problem Solving Process
Though the solution approach using TRIZ is shown in Fig. 1 , for a complex problem, the problem needs to be decomposed using a structured problem solving process. The structured problem solving process is shown in Fig. 2 [9] and it consists of many phases where the initial phases are to define and analyse the current situation of a problem that wanted to be solved. Before a user is able to identify the improving and worsening features, a problem has to be defined correctly, decomposed systematically and analysed to determine to possible root cause or causes of the problem. Only after defining and determining the root cause of a problem, then the improving and worsening features can be identified and then the possible solutions can be found based on the solution approach of the contradiction matrix as shown in Fig. 1 .
Problem of Shortage of Skilled ICT workers. The shortage of ICT skilled workers problem is defined as "Systemic shortage of skilled ICT (information and communications technology) workers -where there is mismatch between capabilities needed by employers and skills/experience of ICT job seekers."
The shortage of skilled ICT workers is basically dependent on the expectation of the skills of workers and employers because the definition of skilled workers is very subjective. Different employers define skilled workers differently depending on their expectation. Hence, the actual problem of the shortage of ICT skilled workers is a mismatch of ICT skill expectations between the employers and workers or job seekers.
Fig. 2. The Simplified Structured Problem Solving Process of TRIZ [9]
Determining the Current Situation of The Shortage of Skilled ICT workers Problem. Function analysis and component modellingwas applied to analyse the skilled ICT workers shortage problem to determine the current situation that contributed to problem. Function analysis was used in this phase to understand the components of the system, their interactions and the issues with those interactions that led to this ICT skilled workers shortage problem. The functions between the system components and super systems are illustrated in the Table 2 .
In this problem, the "Skilled ICT workers recruitment system" is an engineering system where it has three system components ("education providers", "employers" and "job seekers") and two super systems ("government" and "social or general public"). Within this "skilled ICT workers recruitment system", education providers produce job seekers with certain ICT skills. Employers recruit job seekers to fulfil ICT work. Government supports employers and education providers by providing the necessary infrastructures. In this problem, the employers are unable to recruit sufficient job seekers while education providers are unable to produce/transfer skills to job seekers to meet the requirements of the employers. Component modelling was used in this phase to illustrate visually the useful/harmful function between components. Earlier, the function analysis had illustrated this engineering system has five components. We had modelled the ICT skill mismatch problem as an engineering system by defining interactions functions between components as shown in Fig. 3 . These (education providers, job seekers and employers) are the main components in this ICT skilled workers shortage problem. From Fig. 3 , the insufficient links between components can be further investigated to find out the root causes of their insufficiencies using the cause and effect chain analysis. 
Analysing and identifying the Root Causes to The Shortage of Skilled ICT workers Problem.
It is crucial to determine the root cause or causes of a problem and the method used to determine the root cause is based on the cause-and-effect chain analysis. From the component analysis, there are three insufficient links within the three components, namely employer, education providers and job seekers as shown in Fig. 4 . Based on the three pairs of components and by asking repeated whys in this phase, a cause and effect chain analysis can be developed and modelled (refer to Fig. 5) . The cause and effect chain analysis showed that there are several root causes that contributed to the problem of ICT skilled workers shortage. 
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Discussions on the Potential Solutions to Solve the Shortage of Skilled ICT workers Problem
In this research work, only potential solutions for the shortage of skilled ICT workers were derived. From Table 3 , there are many potential solutions for the shortage of ICT skilled workers problem as there are several possible roots causes that contributed to this problem. Different root cause requires different solutions. Hence, it is crucial for the related components such as the government, the education providers and the industries to work together and further investigate the problem. This further investigation is to obtain more information to determinehowsignificance of each root cause to this problem. Only then specific solutions can be developed based on the derived potential solutions. While further investigation to find the significance of the root causes is important, some of the potential solutions can be implemented as these solutions can bring positive contributions to the progress of the nation.
Summary
The results from the application of TRIZ engineering contradiction matrix provide a list of potential solutions to a broad range of possible root causes that can contribute to the shortage of skilled ICT workers. Most of the potential solutions have been derived based on the inventive principles obtained from the corresponding contradicting features linked to the root causes. The potential solutions derived from this application indicated that some level of links, communication, collaboration and partnership with the industries will be essential to solve the problem for the
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shortage of skilled ICT workers. In addition to that, the potential solutions also hinted at the importance of the education providers to adopt better and more effective teaching contents and methods. Finally, for the policy makers and the industries, the importance of incentives, recognitions and career paths in playing a role to attract more skilled ICT workers should not be undermined but instead should be given priorities in the future planning.
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